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:HUHSRUWRQFDYLW\GXPSLQJRIDVHPLFRQGXFWRUGLVNODVHUDVDPHWKRGWRJHQHUDWHHQHUJHWLF
ZDYHOHQJWKWXQDEOHQDQRVHFRQGSXOVHVZLWKUHSHWLWLRQUDWHVUDQJLQJIURPWR0+]([SHU
LPHQWDOO\HPLVVLRQRIQVSXOVHVZLWKSHDNRXWSXWSRZHURI:LQDVLQJOHEHDPRXWSXWDQG
RI QV ZLWK SHDN SRZHU RI : LQ D FRPELQHG EHDP RXWSXW ZLWK ZDYHOHQJWK WXQLQJ IURP
±QPZDVREWDLQHG

,QWURGXFWLRQ

,Q WKHSDVWGHFDGHVHPLFRQGXFWRUGLVN ODVHUV
6'/VDOVRNQRZQDVYHUWLFDOH[WHUQDOFDYLW\VXU
IDFHHPLWWLQJODVHUV9(&6(/VKDYHSURYHQWREH
DWWUDFWLYH VRXUFHV IRU WKH JHQHUDWLRQ RI KLJK
EULJKWQHVVODVHUUDGLDWLRQ>±@
7KH FRPELQDWLRQ RI D VXUIDFHHPLWWLQJ VHPL
FRQGXFWRUJDLQHOHPHQWDQGDEXONH[WHUQDORSWLFDO
FDYLW\KDVHQDEOHG6'/VWRSURGXFHPXOWL:DWW
OHYHO VLQJOHWUDQVYHUVHPRGH RSHUDWLRQ ZLWK IXQ
GDPHQWDO HPLVVLRQ ZDYHOHQJWK UDQJLQJ IURP WKH
UHG WR P >± ±@ )XUWKHUPRUH HIILFLHQW
LQWUDFDYLW\ QRQOLQHDUIUHTXHQF\FRQYHUVLRQ LQ WKH
VH ODVHUVKDVSHUPLWWHGRXWSXW IURPWKHXOWUDYLROHW
> ±@ WR WKH PLGLQIUDUHG >@ 6R IDU WKHVH
VRXUFHV KDYH SULPDULO\ EHHQ RSHUDWHG LQ FRQ
WLQXRXVZDYH >±@RUTXDVLFRQWLQXRXVKLJK
UHSHWLWLRQUDWH PRGHORFNHG UHJLPHV >@ FDSLWDO
L]LQJRQ WKHQDQRVHFRQGXSSHUVWDWH OLIHWLPHFKDU
DFWHULVWLFRI WKH,,,±9VHPLFRQGXFWRUJDLQVHFWLRQ
+RZHYHU UHFHQWO\ WKHUHKDVEHHQ LQFUHDVHG LQWHU
HVW LQ LQYHVWLJDWLQJ WKHLU SRWHQWLDO DV VRXUFHV RI
HQHUJHWLF QDQRVHFRQGSXOVHV7RGDWH WKLV UHJLPH
RI RSHUDWLRQKDVEHHQDSSURDFKHGE\JDLQVZLWFK
LQJ>±@ZLWK HLWKHUSXOVHGVHPLFRQGXFWRU
RUVROLGVWDWHODVHUSXPSV+HUHZH LQWURGXFHDQG
GHPRQVWUDWH DQ DOWHUQDWLYH PHWKRG FDYLW\GXPS
LQJZKLFKH[SORLWVD&:SXPSHGJDLQVHFWLRQDQG
DQ LQWUDFDYLW\ DFRXVWRRSWLF GHIOHFWRU WR JHQHUDWH
ZDYHOHQJWKWXQDEOH QDQRVHFRQG SXOVHV IURP DQ
6'/7KLVDSSURDFKEHQHILWV IURPUHDG\DFFHVV WR
WKHKLJKSRZHULQWUDFDYLW\ILHOGVLQKHUHQWO\DVVRFL
DWHG ZLWK 6'/V WR IDFLOLWDWH KLJKHQHUJ\ SXOVHG
HPLVVLRQDQGLVLQSULQFLSOHDSSOLFDEOHWR6'/VDW
DQ\ ZDYHOHQJWK )XUWKHUPRUH LW FDSLWDOL]HV RQ D
VLPSOHLPSOHPHQWDWLRQRIWKHPRGXODWLRQWRJHQHU
DWH SXOVHV RI FRQWUROOHG UHSHWLWLRQ UDWH DV KLJK DV
WHQV RI PHJD+HUW] LQ FRQWUDVW WR GLUHFW SXPS
PRGXODWLRQ)LQDOO\ LW UHDGLO\RIIHUV WKHDELOLW\ WR
JHQHUDWH HOHFWULFDO WULJJHU VLJQDOV IRU DSSOLFDWLRQV
UHTXLULQJHOHFWULFDORSWLFDOV\QFKURQL]DWLRQ

/DVHUGHVFULSWLRQ

7KH6'/FDYLW\DUUDQJHPHQWXVHG LQWKLV LQL
WLDOGHPRQVWUDWLRQDURXQGQPLVVLPLODUWRWKDW
SURSRVHG LQ HDUO\SDSHUV RQFDYLW\GXPSHG VROLG
VWDWH ODVHUV >±@ $ IRXUPLUURU FDYLW\ ZDV
IRUPHG E\ DQ ,Q*D$V*D$V 6'/ JDLQPLUURU
VWUXFWXUH>@SODFHGDWWKHIRFXVRIDPPUDGL
XVRIFXUYDWXUH52&PLUURU0DQGWZRFXUYHG
PLUURUVZLWK52&RIPP)LJXUH
7KH VHPLFRQGXFWRU VWUXFWXUH LQFOXGHV 
VWUDLQFRPSHQVDWHGTXDQWXPZHOOV 4:VGLVWULE
XWHGRYHUDQWLQRGHVRI WKHRSWLFDO ILHOGDQGD
SDLU $O*D$V$O$V GLVWULEXWHG %UDJJ UH
IOHFWRU $Q DFRXVWRRSWLF PRGXODWRU $20 ZDV
SODFHGDWWKHZDLVWRIWKHODVHUPRGHPRGHUDGLXV
PEHWZHHQ PLUURUV0DQG0 VHH)LJXUH
ZLWK WKH RXWSXWEHDP H[WUDFWLRQEHLQJFDUULHG RXW
DVGHVFULEHGLQ>@
7KH PRGXODWRU KDG SODQHSODQH SDUDOOHO VXU
IDFHVZLWKDQWLUHIOHFWLRQ$5FRDWLQJVFHQWHUHGDW
QP $ PPWKLFN ELUHIULQJHQW ILOWHU %5)
ZDV SODFHG LQ D ORQJ FDYLW\ DUP EHWZHHQ PLUURUV
0DQG0DQGSURYLGHGODVHUZDYHOHQJWKWXQLQJ
7KHJDLQPHGLXPZDVSXPSHGE\DILEHUFRXSOHG
ODVHUGLRGHDUUD\HPLWWLQJDWQPDQGGHOLYHULQJ
SRZHURIXS WR:7KHSXPSVSRW GLDPHWHU RQ
WKHJDLQHOHPHQWZDVaP7KH ODVHUJDLQHOH
PHQW ZDV WKHUPDOO\ PDQDJHG XVLQJ D P
WKLFNW\SH,,DQDWXUDOGLDPRQGKHDWVSUHDGHU

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)LJXUH±6FKHPDWLFRIWKHFDYLW\GXPSHG6'/


7KLVZDVERQGHGWRWKHHSLOD\HUVXUIDFHXVLQJ
OLTXLGFDSLOODULW\DQGWKHHQVHPEOHZDVPRXQWHGLQ
DEUDVVKROGHUFRROHG WR&YLDFKLOOHGZDWHUFLU
FXODWLRQ
7KH FU\VWDO TXDUW] $20 SURYLGHG   VLQ
JOHSDVVGLIIUDFWLRQHIILFLHQF\RIWKHOLQHDUO\SRODU
L]HGEHDPZLWK LWVSRODUL]DWLRQSODQHSHUSHQGLFX
ODU WR WKH DFRXVWLF SURSDJDWLRQ GLUHFWLRQ DW
QP 7KH DFRXVWLF IUHTXHQF\ RI 0+] LQ
VLGHWKH$20ZDVH[FLWHGE\DGULYHUZLWKDQDY
HUDJH5)SRZHURI:
7KH GHVLUHG ODVHU SXOVH UHSHWLWLRQ UDWH ZDV
FRQWUROOHG E\ WKH H[WHUQDO IUHTXHQF\ JHQHUDWRU
ZKLFK WULJJHUHG WKHGULYHU7KHIUHTXHQF\JHQHUD
WRU GHOLYHUHG VTXDUH SXOVHV ZLWK D  WR QV RQ
WLPHSXOVH GXUDWLRQ ULVHIDOO WLPH RIQV ZLWKLQ
WKH IUHTXHQF\ UDQJH IURP N+] XS WR 0+]
7KH GLIIHUHQFH LQ DSSOLHG SXOVH GXUDWLRQ IRU WKH
YDULRXVUHSHWLWLRQUDWHVLVH[SODLQHGEHORZ
%RWKGLIIUDFWHGEHDPVZHUHPHDVXUHGWRKDYH
WKH VDPH RXWSXW SRZHU DQG SXOVH GXUDWLRQ 7KH
H[SHULPHQWDO UHVXOWV EHORZ ZLOO ILUVW EH SUHVHQWHG
IRU RQO\ RQH RI WKH H[WUDFWHG EHDPV 2XWSXW 
VHH)LJXUH
,WZDVSRVVLEOHWRFRPELQHERWKRXWSXWVLQWRD
VLQJOH EHDP E\ UHIOHFWLQJ ³2XWSXW ´ EDFN LQWR
WKHUHVRQDWRUE\WKHPLUURU07KHUHVXOWVRIVXFK
FRPELQHG RXWSXW DUH DOVR SUHVHQWHG DW WKH HQG RI
WKHH[SHULPHQWDOVHFWLRQ

([SHULPHQWDOUHVXOWV

7KH GHSHQGHQFH RI WKH DYHUDJH RXWSXWSRZHU
RIWKHGLIIUDFWHGEHDPRQWKHLQFLGHQWSXPSSRZHU
RQ WKH GLDPRQGVHPLFRQGXFWRU VWUXFWXUH LV SORW
WHGLQ)LJXUHD
7KHFKDUDFWHULVWLFUROORYHULQWKLVSRZHUWUDQV
IHU FXUYH LV REVHUYHG DW a: RI SXPS SRZHU
6XFK EHKDYLRU LV W\SLFDO IRU 6'/V >@ DQG LV DW
WULEXWHGWRLQGXFHGWKHUPDOHIIHFWVLQWKHJDLQPD
WHULDODWKLJKSXPSSRZHUV,QWKHUHPDLQGHURIWKLV
ZRUNWKHSXPSSRZHUZDVNHSWFRQVWDQWDW:WR
HQVXUHWKHKLJKHVWRXWSXWSRZHUIURPWKHODVHU
7KH IUHTXHQF\ UHVSRQVH RI WKLV FDYLW\ GXPS
LQJVFKHPHZDVVWXGLHGXVLQJDQVGXUDWLRQ5)
SXOVHZLWKLQ WKHN+] UDQJHDQG PRQRWRQ
LFDOO\GHFUHDVLQJWKHSXOVHGXUDWLRQGRZQWRQV
JRLQJIURPN+]XSWR0+]$VVKRZQLQ)LJ
XUHEWKHHQHUJ\RIWKHH[WUDFWHGODVHUSXOVHDW
WKHLQFLGHQWSXPSSRZHURI:GHFUHDVHGIURP
GRZQ WR  - DV WKH $20 VLJQDO IUHTXHQF\ LQ
FUHDVHG IURP N+] XS WR 0+] ZLWK D FXWRII
IUHTXHQF\GHILQHGDV WKHIUHTXHQF\IRUZKLFK WKH
HQHUJ\ LV KDOYHG RI a0+] $V H[SHFWHG WKH
SXOVHVRFFXUUHGDWUHSHWLWLRQUDWHFRUUHVSRQGLQJ WR
WKH5)GULYHUVLJQDO7KH\ZHUHPHDVXUHGWREHRI
GXUDWLRQQVIXOOZLGWKDWKDOIPD[LPXP)LJ
XUHELQVHWLQGHSHQGHQWRIWKHSXOVHUHSHWLWLRQ
UDWH D IDFW ZKLFK ZLOO EH H[SODLQHG EHORZ 7KH
FRUUHVSRQGLQJ SHDN SRZHU RI WKH SXOVH WKHUHIRUH
KDG WKH VDPH GHSHQGHQFHXSRQ WKH5) VLJQDO IUH
TXHQF\ DQG UHDFKHG LWV PD[LPXP YDOXH RI a:
DW aN+] DQG EHORZ VHH )LJXUH  E ULJKW
KDQG YHUWLFDO VFDOH 7KH VLPLODULW\ EHWZHHQ WKH
IUHTXHQF\UHVSRQVHVREWDLQHGIRUSXPSSRZHUVRI
DQG:)LJXUHEVXJJHVWVWKDWWKHFDYLW\
EXLOGXS WLPH LV RQO\ ZHDNO\ GHSHQGHQW RQ SXPS
SRZHU
)LJXUH  D VKRZV WKH HYROXWLRQ RI WKH LQ
WUDFDYLW\ILHOGPHDVXUHGZLWKDIDVWVLOLFRQGHWHF

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ɉɪɢɛɨɪɵɢɦɟɬɨɞɵɢɡɦɟɪɟɧɢɣʋ  
WRUSODFHGEHKLQGWKHPLUURU0RYHUDQVWLPH
ZLQGRZDURXQGWKHSXOVH HPLVVLRQ WLPHIRU$20
PRGXODWLRQIUHTXHQFLHVRIN+]5)SXOVHGXUD
WLRQQV DQG0+] 5)SXOVHGXUDWLRQQV
UHVSHFWLYHO\



)LJXUH±D'HSHQGHQFHRIWKHDYHUDJHGLIIUDFWHG
VLQJOHEHDPRXWSXWSRZHURQLQFLGHQWSXPSSRZHUDWD
GXPSLQJIUHTXHQF\RIN+],QVHW3URILOHRIWKH
GLIIUDFWHGVLQJOHEHDPDWWKHLQFLGHQWSXPSSRZHURI
:E3XOVHHQHUJ\DQGFRUUHVSRQGLQJSHDNSRZHURI
WKHQVORQJSXOVHVH[WUDFWHGIURPWKH6'/FDYLW\DV
DIXQFWLRQRIWKH$20IUHTXHQF\DWWZRGLIIHUHQWLQFL
GHQWSXPSSRZHUVRI:WULDQJOHVDQG
:FLUFOHV,QVHWFDYLW\GXPSHGSXOVH
ZLWKGXUDWLRQRIQV

,W FDQ EH REVHUYHG WKDW DW KLJK UHSHWLWLRQ
UDWHV WKH LQWUDFDYLW\ILHOG LVQHLWKHUUHVWRUHG WR LWV
PD[LPXPYDOXHQRUIXOO\GHSOHWHG H[SODLQLQJ WKH
GURS LQ SXOVH HQHUJ\ :H DOVR QRWH WKDW WKH ILHOG
LQLWLDO EXLOG XS SKDVH LV DSSDUHQWO\ IDVWHU DW KLJK
UHSHWLWLRQUDWHVPRVWSUREDEO\DVDFRQVHTXHQFHRI
WKHKLJKHUYDOXHRI WKH LQWUDFDYLW\ILHOGUHPDLQLQJ
DIWHUODVHUSXOVHH[WUDFWLRQ
7KHGHSHQGHQFHRIWKHGLIIUDFWHGSXOVHHQHUJ\
DW KLJK IUHTXHQFLHV QDPHO\ 0+] RQ WKH 5)
SXOVH GXUDWLRQ LV VKRZQ LQ)LJXUH E $V LOOXV
WUDWHG WKH LPSURYHG SHDN SRZHU SHUIRUPDQFH DV
VRFLDWHGZLWKVKRUWHU5)SXOVHVUHVXOWVIURPDEHW
WHU PDQDJHPHQW RI WKH LQWUDFDYLW\ ILHOG WHPSRUDO
HYROXWLRQ,QGHHGWKHUHGXFHGFDYLW\RSHQLQJWLPH
SURPRWHVDQLQFRPSOHWHGHSOHWLRQRIWKHLQWUDFDYL
W\ILHOGE\WKHHQGRIWKHSXOVHZKLFKVXEVHTXHQWO\
OHDGVWRKLJKHUILHOGLQWHQVLWLHVEHLQJUHDFKHGDWWKH
HQGRIWKHSHULRG





)LJXUH±D'\QDPLFVRIWKH6'/LQWUDFDYLW\ILHOG
LQWHQVLW\IRUFDYLW\GXPSLQJIUHTXHQFLHVRIN+]
5)SXOVHGXUDWLRQRIQVGDVKHGOLQHDQG0+]
5)SXOVHGXUDWLRQRIQVVROLGOLQHUHVSHFWLYHO\E
'\QDPLFVRIWKH6'/LQWUDFDYLW\ILHOGLQWHQVLW\IRU
FDYLW\GXPSLQJIUHTXHQF\RI0+]IRU5)SXOVHGX
UDWLRQRIQVGDVKHGOLQHDQGQVVROLGOLQH

:HQRWHWKDWLQSUDFWLFHWKHFRPELQDWLRQRID
UHGXFHG 5) SXOVH GXUDWLRQ DQG WKH ILQLWH QV
VZLWFKLQJWLPHVRIWKH$20GULYHUDOVRGHFUHDVHV
WKH HIIHFWLYH $20 GLIIUDFWLRQ HIILFLHQF\ IURP
  GRZQ WR   ZKLFK LQ WXUQ IXUWKHU HQ
KDQFHVWKHDERYHGHVFULEHGHIIHFWV7KLVRSWLPL]D
WLRQ RI WKH RXWSXW HQHUJ\ ZDV WKH SULPH GHWHUPL
QDQWRIWKHVHOHFWHGODVHUGULYLQJFRQGLWLRQV
:DYHOHQJWK WXQDELOLW\ RI WKH FDYLW\GXPSHG
HPLVVLRQZDVUHFRUGHG WRUDQJH IURPaXS WR
aQP VHH)LJXUH D FLUFOHV DQG LQ FRP
7LPHQV
7LPHQV

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SDULVRQ ZLWK WKH WXQDELOLW\ RI WKH ODVHU ZLWKRXW
$20)LJXUHVTXDUHVZDVOLPLWHGRQO\E\WKH
FKDUDFWHULVWLFVRIWKH$5FRDWLQJVRIWKH$20
7KLV GHPRQVWUDWHV WKDW WKH DOOLPSRUWDQW WXQ
LQJFKDUDFWHULVWLF LVUHWDLQHGLQWKLVIRUPRIRSHUD
WLRQ RI DQ6'/RIIHULQJ WXQDEOH QDQRVHFRQG RXW
SXWDURXQGDQ\FHQWUDOZDYHOHQJWKDWZKLFK6'/V
FDQEHGHPRQVWUDWHGWRRSHUDWH
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)LJXUH±D:DYHOHQJWKWXQLQJRIWKH6'/XVLQJWKH
LQWUDFDYLW\%5)ZLWKWKHFDYLW\GXPSLQJFLUFOHVDQG
ZLWKRXWLWVTXDUHVE$W\SLFDOVSHFWUXP
RIWKHRXWSXWSXOVHV
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7KH ILQH VWUXFWXUH LQ WKH RXWSXW SXOVH VSHF
WUXP)LJXUHELVW\SLFDOIRUWKH6'/ZLWKWKH
KHDWVSUHDGHURQWRSRIWKHJDLQPDWHULDODQGLVDV
VRFLDWHG ZLWK WKH HWDORQPRGHV RI WKH GLDPRQG
KHDWVSUHDGHUPHQWLRQHGDERYH
%HDPSURILOH VHH)LJXUH D LQVHW DVVHVV
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LQFLGHQWSXPSSRZHURI:DQGRIîDWWKH
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E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FRXOGEH IXUWKHU LPSURYHGE\DGMXVWLQJ WKH FDYLW\
OHQJWK LQ RUGHU WR DFKLHYH D UDWLR EHWZHHQ WKH LQ
WUDFDYLW\PRGHDQGWKHSXPSVSRWDWWKHVHPLFRQ
GXFWRUFKLSVOLJKWO\ODUJHUWKDQXQLW\
7KLVVKRXOGQRWFRPHDWWKHH[SHQVHRIDVLJ
QLILFDQWHQHUJ\SHQDOW\LIWKHWUHQGIROORZVWKHEH
KDYLRUREVHUYHGGXULQJFRQWLQXRXVZDYHRSHUDWLRQ
>@
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VKRZQLQ)LJXUH7KHSXOVHHQHUJ\ULVHVWRa-
)LJXUH  D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E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
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)LJXUH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
%RWKWKHWXQDELOLW\UDQJHDQG0IDFWRURIWKHODVHU
ZLWKWKHFRPELQHGEHDPRXWSXWUHPDLQWKHVDPHDV
IRUWKHVLQJOHEHDPRXWSXW&RQWUDU\WRVLQJOHRXW
SXW EHDP RSHUDWLRQ WKH FRPELQHG RXWSXW SXOVH
VKDSHH[KLELWVRVFLOODWLRQVWKDWDUHPDLQO\QRWLFHD
EOHDWRQWKHSXOVHIDOOLQJHGJH
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F\ RI WKH DFRXVWLF ZDYH JHQHUDWHG LQ WKH $20
7KLVLVFRQVLVWHQWZLWKWKHIDFWWKDWDIUDFWLRQRIWKH
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
&RQFOXVLRQV

,Q FRQFOXVLRQ ZH UHSRUW ZKDW ZH EHOLHYH WR
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ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣɞɢɫɤɨɜɵɣɥɚɡɟɪɫɩɟɪɟɫɬɪɚɢɜɚɟɦɨɣɞɥɢɧɨɣɜɨɥɧɵɢɡɥɭɱɟɧɢɹɝɟɧɟɪɢ
ɪɭɸɳɢɣɦɟɬɨɞɨɦɪɚɡɝɪɭɡɤɢɪɟɡɨɧɚɬɨɪɚɢɦɩɭɥɶɫɵɫɷɧɟɪɝɢɟɣɧɟɫɤɨɥɶɤɨɦɢɤɪɨɞɠɨɭɥɟɣ
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ɉɪɟɞɫɬɚɜɥɟɧɵɪɟɡɭɥɶɬɚɬɵɢɫɩɨɥɶɡɨɜɚɧɢɹɦɟɬɨɞɚɪɚɡɝɪɭɡɤɢɪɟɡɨɧɚɬɨɪɚɞɥɹɩɨɥɭɱɟɧɢɹɜɩɨɥɭɩɪɨ
ɜɨɞɧɢɤɨɜɨɦ ɥɚɡɟɪɟ ɫ ɞɢɫɤɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢɦɩɭɥɶɫɨɜ ɢɡɥɭɱɟɧɢɹ ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɢ ɧɚɧɨɫɟɤɭɧɞɧɨɣ
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